



ELSEVIER Linear Algebra and its Applications 287 (1999) 3-10 
Ludwig Eisner and his contributions to core, 
applied and numerical inear algebra 
Angelika Bunse-Gerstner a, Volker Mehrmann b,. 
a Fachbereich Mathematik und Informatik, Universitiit Bremen, D-28334 Bremen, German), 
b Fakultiit.fiir Mathematik, TU Chemnitz, D-09107 Chemnitz, Germany 
Received 28 September 1998; accepted 28 September 1998 
Submitted by H. Schneider 
1. Biography of Ludwig Eisner 
Ludwig Elsner was bona on 17 January 1939 in Grog-Strehlitz, Upper 
Silesia in Germany. He studied mathematics, physics and astronomy at the 
universities of Hamburg and Freiburg and received his diploma in mathematics 
in 1963 at the University of Hamburg. As a member of the lively and inspiring 
group of Lothar Collatz in Hamburg he worked on his Ph.D., while holding a 
position at the computing center of the University of Hamburg. He received his 
Ph.D. in 1965 and became an Assistant Professor at Collatz' Institute of Ap- 
plied Mathematics at the University of Hamburg for six years. During this 
period he spent one year, 1968-1969, as senior officer at the CSIR in Pretoria, 
South Africa. In 1971 Ludwig Eisner became Associate Professor at the Uni- 
versity of Erlangen, where he worked at the Institute for Applied Mathematics 
until 1976. Since 1976 he has been a Full Professor at the University of Bie- 
lefeld where he has built up the Numerical Analysis group. Among many other 
activities in Bielefeld, he has twice been Chairman of the Department of 
Mathematics and has planned and formed the numerical analysis group of the 
"Sonderforschungsbereich Diskrete Strukturen in der Mathematik", which 
since 1989 has attracted many specialists in linear algebra nd numerical linear 
algebra to work with Eisner in Bielefeld. Numerous publications prove the 
success of these collaborative efforts. 
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Beginning with 1974 there have been several sabbaticals that Ludwig Elsner 
spent as visiting professor at the University of Calgary in Alberta. For shorter 
periods he has worked at the Indian Statistical Institute in New Delhi in 1989 
and 1993. He has had extended visits at the Chinese Academy of Science and 
the University of Victoria in Canada. These research visits lead to much fruitful 
research collaboration with several colleagues from all over there world. 
2. Research work of Ludwig Eisner 
Ludwig Elsner's research work is probably best characterized byplacing it in 
the middle of the union of core, applied and numerical linear algebra, and it 
includes some excursions into control theory, numerical integration, operator 
theory, and other areas of mathematics. 
During the first part of his academic areer he worked mainly on the 
solution of eigenvalue problems, including eigenvalue inclusions and Ge- 
rshgorin type results. He then turned to the analysis of nonnegative and 
M-matrices as well as the numerical computation of spectral radii, their per- 
turbation theory and related problems. 
Since the early eighties his research as covered almost he whole spectrum 
of core, applied and numerical linear algebra. We wish to stress his contribu- 
tions to perturbation theory for matrix pencils, spectral variation, scaling 
problems in the solution of linear systems, distance problems (for instance his 
investigation of the distance to nonnormality or uncontrollability), the nu- 
merical solution of eigenvalue problems with or without structure using clas- 
sical and flow methods including the analysis of these methods, parallel 
iterative methods, chaotic or asynchronous methods for the solution of linear 
systems, algebraic multigrid methods, variation results for permanents, com- 
pletion problems for Hermitian and nonhermitian matrices, convergence r - 
sults for infinite products, determinant bounds, and many other areas. More 
detail could be added by inspecting his list of publications. Many of the results 
discussed are joint cooperative work with a large number of coauthors. 
The above remarks indicate the great breadth of Ludwig Elsner's research 
work and his great fundamental knowledge in many areas of mathematics. 
3. Ph.D. students of Ludwig Eisner 
Ludwig Eisner has been advisor of 13 Ph.D. students in many different re- 
search areas, see the list below. He is always an inspiring partner for discussions 
and gives strong support o his students; in particular he has been a rich source 
for counter-examples to interesting but wrong conjectures by his students. 
1. Angelika Bunse-Gerstner: Der HR-Algorithmus zur numerischen Bestim- 
mung der Eigenwerte iner Matrix, 1978. 
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2. Wolfgang Bunse: Numerische Best#nmung des Spektralradius nichtnegativer 
irreduzibler Matrizen und lntegraloperatoren, 1979. 
3. Friedrich Biegler-K6nig: Inverse Eigenwertprobleme, 1980. 
4. Christoph Nahrgang: Ein Beitrag zum Problem der Kondition linearer Gleic- 
hungssysteme, 1980. 
5. Volker Mehrmann: On Classes of Matrices containing M-matrices, totally 
nonnegative and Hermitian positive semidefinite Matrices, 1982. 
6. Wen-Wei Lin: Beitr~ge zur numerischen Behandlung des atlgemeinen 
Eigenwertproblems Ax = 2Bx, 1985. 
7. Gerd M. Krause: Obere Sehranken fiir die Eigenwertvariation komplexer 
Matrizen, 1990. 
8. Reinhard Nabben: Konvergente IterationsverJahren fiir unsymmetrische 
Blockmatrizen, 1992. 
9. Ulrike Flaschka: Eine Variante des Lanczos-Algorithmus jhr grof3e diinn 
besetzte symmetrische Matrizen mit Blockstruktur, 1992. 
10. Birgit Bohnhorst: Beitriige zur numerischen Behandlung des unitiiren 
Eigenwertproblems, 1993. 
11. Zhongxiao Jia: Some Nunwrical Methods for Large Unsymmetrie Eigen- 
problems, 1994. 
12. Mathias Port: Asynchrone Iterationsvelfahren ./fir lineare und nichtlineare 
Gleiehungssysteme, 1994. 
13. Klaus Jtirgens: Asvnchrone lterationsverjahren zur L6sung linearer Gleie- 
hungssysteme auf massiv parallelen Multiprozessorrechnern, 1994. 
4. Publications of Ludwig Eisner 
1. EinschlieBungssfitze f/Jr Eigenwerte nichtnormaler Matrizen, Dissertation 
Hamburg (1965). 
2. Zur Richardson-Extrapolation beider Simpsonschen I tegrationsformel, 
Zeitschrift fiir Angewandte Mathematik und Mechanik 46, Tagungsheft 
T 48 (1966). 
3. EinschlieBungssfitze fiir Eigenwerte nichtnormaler Matrizen, Funktional- 
analysis, Approximationstheorie, Numerische Mathematik, pp. 185-193, 
Internationale Schriftenreihe Numerische Mathematik 7, Birkh~iuser Ver- 
lag, Basel, 1967. 
4. Numerische Ergebnisse zum Jacobischen Kettenbruchalgorithmus in rein- 
kubischen Zahlk6rpern (with Helmut Hasse), Mathematische Nachrichten 
34, 95-97 (1967). 
5. Remarks on Bandmatrices (with Raymond Redheffer), Numerische Math- 
ematik 10, 153-161 (1967). 
6. Minimale Gerschgorin-Kreise, Zeitschrift ffir Angewandte Mathematik 
und Mechanik 48, 51--55 (1968). 
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7. Bemerkungen zueiner Arbeit von Marshall und Olkin, Numerische Math- 
ematik 13, 245-246 (1969). 
8. Bemerkungen zum Zeilensummenkriterium, Zeitschrift fiir Angewandte 
Mathematik und Mechanik 49, 97 (1969). 
9. Monotonie und Randspektrum bei vollstetigen Operatoren, Archive for 
Rational Mechanics and Analysis 36, 356-365 (1970). 
10. Iterative Verfahren zur L6sung der Matrizengleichung X ~ = A, Buletinul 
Institutului Politehnic din Iasi Tomul XVI (XX), 15-24 (1970). 
11. ~lber EigenwerteinschlieBungen mit Hilfe von Gerschgorin-Kreisen, 
Zeitschrift iJr Angewandte Mathematik und Mechanik 50, 381-384 (1970). 
12. EigenwerteinschlieBungen mit Lorentzkegeln (with Karl Peter Hadeler), 
Zeitschrift iir Angewandte Mathematik und Mechanik 50, 427-429 (1970). 
13. Verfahren zur Berechnung des Spektralradius nichtnegativer ir eduzibler 
Matrizen, Computing 8, 32-39 (1971). 
14. Bemerkung zur Eigenwertabschfitzung bei gest6rten Diagonalmatrizen, 
Zeitschrift fiir Angewandte Mathematik und Mechanik 51,570 (1971). 
15. Verfahren zur Berechnung des Spektralradius nichtnegativer ir eduzibler 
Matrizen II, Computing 9, 69-73 (1972). 
16. A Remark on Simultaneous Inclusions of the Zeros of a Polynomial by Ge- 
rschgorin's Theorem, Numerische Mathematik 21,425-427 (1973). 
17. lJber Birkhoff-Interpolation u d Richardson-Extrapolation, Zeitschrift iir 
Angewandte Mathematik und Mechanik 53, 57-60 (1973). 
18. EinschlieBungss~itze fiir die Eigenwerte gest6rter Dreiecksmatrizen, Num- 
erische Behandlung von Eigenwertaufgaben, pp. 33-45, Internationale 
Schriftenreihe Numerische Mathematik 24, Birkhfiuser Verlag, Basel, 1974. 
19. Quasimonotonie und Ungleichungen i  halbgeordneten R~umen, Linear 
Algebra Appl. 8, 249--261 (1974). 
20. Lineare Punktfunktionale und Hermite-Birkhoff-Interpolation (with Ger- 
hard Merz), Beitrfige zur Numerischen Mathematik 4, 69-82 (1975). 
21. A Note on Characterization f Irreducibility of Nonnegative Matrices, 
Linear Algebra Appl. 14, 187--188 (1976). 
22. Inverse Iteration for Calculating the Spectral Radius of a Non-Negative Ir- 
reducible Matrix, Linear Algebra Appl. 15, 235-242 (1976). 
23. Another Note on a Theorem of Minc on Irreducible Non-Negative Matri- 
ces, Linear and Multilinear Algebra 6, 61-62 (1978). 
24. On Some Algebraic Problems in Connection with General Eigenvalue Al- 
gorithms, Linear Algebra Appl. 26, 123-138 (1979). 
25. Neuere Verfahren zur Bestimmung der Eigenwerte von Matrizen, Numer- 
ical mathematics, pp. 91-96. International Series of Numerical Mathemat- 
ics 49, Birkhfiuser Verlag, Basel-Boston, 1979. 
26. On the Effect of the Perturbation of a Nonnegative Matrix on its Perron 
Eigenvector (with Charles R. Johnson and Michael Neumann), Czechoslo- 
vak Mathematical Journal 32 (107), 99-109 (1982). 
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27. On Matrices Leaving Invariant a Nontrivial Convex Set, Linear Algebra 
Appl. 42, 103-107 (1982). 
28. On the Variation of the Spectra of Matrices, Linear Algebra Appl. 47, 127- 
138 (1982). 
29. Perturbation Theorems for the Generalized Eigenvalue Problem (with Ji 
Guang Sun), Linear Algebra Appl. 48, 341-357 (1982). 
30. On Eigenvectors and Adjoints of Modified Matrices (with Pal Rozsa), Lin- 
ear and Multilinear Algebra 10, 235-247 (1981). 
31. On a Generalized Matching Problem Arising in Estimating the Eigenvalue 
Variation of Two Matrices (with Charles R. Johnson, J. Ross, and J. 
Sch6nheim), European Journal of Combinatorics 4, 133-136 (1983). 
32. Block Scaling with Optimal Euclidean Condition, Linear Algebra Appl. 
58, 69-73 (1984). 
33. On Convexity Properties of the Spectral Radius of Nonnegative Matrices, 
Linear Algebra Appl. 61, 31-35 (1984). 
34. A Note on Optimal Block-Scaling of Matrices, Numerische Mathematik 
44, 127-128 (1984). 
35. The Spectral Variation of Pencils of Matrices (with Peter Lancaster), Jour- 
nal of Computational Mathematics 3, no. 3, 262-274 (1985). 
36. An Optimal Bound for the Spectral Variation of Two Matrices, Linear Al- 
gebra Appl. 71, 77-80 (1985). 
37. Perturbation Theorems for the Matrix Eigenvalue Problem, Portugaliae 
Mathematica 43, 69-76 (1986). 
38. On Measures on Non-normality of Matrices (with M.H.C. Paardekooper), 
Linear Algebra Appl. 92, 107-123 (1987). 
39. The Relationship between Hadamard and Conventional Multiplication for 
Positive Definite Matrices (with Charles R. Johnson), Linear Algebra 
Appl. 92, 231-240 (1987). 
40. Models of Parallel Chaotic Iteration Methods (with Rafael Bru and Mi- 
chael Neumann), Linear Algebra Appl. 103, 175-192 (1988). 
41. A Note on the Variation of Permanents, Linear Algebra Appl. 109, 37 39 
(1988). 
42. Selfsirnilar Flows (with David S. Watkins), Linear Algebra Appl. 110, 213 .... 
242 (1988). 
43. The Perron Root of a Weighted Geometric Mean of Nonnegative Matrices 
(with Charles R. Johnson and J.A. Dias da Silva), Linear and Multilinear 
Algebra 24, 1-13 (1988). 
44. Selfequivalent Flows Associated with the Generalized Eigenvalue problem 
(with David S. Watkins), Linear Algebra Appl. 118, 107-127 (1989). 
45. Nonnegative Matrices, Zero Patters, and Spectral inequalities (with 
Charles R. Johnson), Linear Algebra Appl. 120, 225-236 (1989). 
46. Priority Vectors for Matrices of Pairwise Comparisons (with Volker Me- 
hrmann), Methods of Operations Research 59, 15-26 (1989). 
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47. Algebraic Multigrid Methods and the Schur Complement (with Wolfgang 
Dahmen), Notes on Numerical Fluid Mechanics 23, 58-68 (1989). 
48. Comparisons of Weak Regular Splittings and Multisplittings Methods, 
Numerische Mathematik 56, 283-289 (1989). 
49. Selfequivalent Flows Associated with the Singular Value Decomposition 
(with David S. Watkins), SIAM Journal on Matrix Analysis 10, 244-258 
(1989). 
50. Functional Inequalities for Spectral Radii of Nonnegative Matrices (with 
Daniel Hershkowitz and Allan Pinkus), Linear Algebra Appl. 129, 103- 
130 (1990). 
51. On the Convergence of Asynchronous Paracontractions with Applications 
to Tomographic Reconstruction from Incomplete Data (with Israel Ko- 
ltracht and Michael Neumann), Linear Algebra Appl. 130, 65-82 (1990). 
52. Bounds for the Variation of the Roots of a Polynomial and the Eigenvalues 
of a Matrix (with Rajendra Bhatia and Gerd M. Krause), Linear Algebra 
Appl. 142, 195-209 (1990). 
53. On the Variation of Permanents (with Rajendra Bhatia), Linear and Mul- 
tilinear Algebra 27, 105-109 (1990). 
54. Eigenvalue Neutrality in Block Triangular Matrices (with Charles R. Johnson 
and Erik A. Schreiner), Linear and Multilinear Algebra 27,289-297 (1990). 
55. On Rutishausers Approach to Selfsimilar Flows (with David S. Watkins), 
SIAM Journal on Matrix Analysis 11,301-311 (1990). 
56. Convergence of Algorithms of Decomposition Type for the Eigenvalue 
Problem (with David S. Watkins), Linear Algebra Appl. 143, 19-47 (1991). 
57. The Effect of the Number of Processors on the Convergence of the Parallel 
Block Jacobi Method (with Michael Neumann and Birgit Vemmer), Linear 
Algebra Appl. 154-156, 313-330 (1991). 
58. Schur Parameter Pencils for the Solution of the Unitary Eigenproblem (with 
Angelika Bunse-Gerstner), Linear Algebra Appl. 154-156, 741-778 (1991 ). 
59. Convergence Properties of ART and SOR Algorithms (with Israel Ko- 
ltracht and Peter Lancaster), Numerische Mathematik 59, 91-106 (1991). 
60. Convergence ofBlock lterative Methods for Linear Systems Arising in the 
Numerical Solution of Euler Equations (with Volker Mehrmann), Num- 
erische Mathematik 59, 541 559 (1991). 
61. Chasing Algorithms for the Eigenvalue Problem (with David S. Watkins), 
SIAM Journal on Matrix Analysis 12, 374-384 (1991). 
62. An Algorithm for Computing the Distance to Uncontrollability (with 
Chunyang He), Systems and Control Letters 17, 453-464 (1991). 
63. Symmetries and Variation of Spectra (with Rajendra Bhatia), Canadian 
Journal of Mathematics 44, 1155-1166 (1992). 
64. Convergence ofSequential nd Asynchronous Nonlinear P acontractions 
(with Israel Koltracht and Michael Neumann), Numerische Mathematik 
62, 305-319 (1992). 
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65. The q-Binomial Theorem and Spectral Symmetry (with Rajendra Bhatia), 
Indagationes Mathematicae 4, 11-16 (1993). 
66. Monotonic Sequences and Rates of Convergence of Asynchronized Iterative 
Methods (with Michael Neumann), Linear Algebra Appl. 180, 17-33 (1993). 
67. A Note on the Hoffman-Wielandt Theorem, Linear Algebra Appl. 182, 
235-237 (1993). 
68. Perturbation and Interlace Theorems for the Unitary Eigenvalue Problem 
(with Chunyang He), Linear Algebra Appl. 188/189, 207-229 (1993). 
69. Spectral Radii of Certain Iteration Matrices and Cycle Means of Digraphs 
(with Daniel Hershkowitz and Hans Schneider), Linear Algebra Appl. 192, 
61-81 (1993). 
70. On Accurate Computations of the Perron Root (with Israel Koltracht, Mi- 
chael Neumann, and D. Xiao), SIAM Journal on Matrix Analysis 14, 456- 
467 (1993). 
71. Convergence of Infinite Products of Matrices and Inner-outer Iteration 
schemes (with Rafael Bru and Michael Neumann), Electronic Transactions 
on Numerical Analysis 2, 183-193 (1994). 
72. Completion of a Matrix so that the Inverse has Minimum Norm. Applica- 
tion to the Regularization ofDescriptor Control Problems (with Chunyang 
He and Volker Mehrmann), IMA Volumes in Mathematics and its Appli- 
cations 62, 75-86 (1994). 
73. Perturbation Theorems for the Joint Spectrum ofCommuting Matrices - a 
Conservative Approach, Linear Algebra Appl. 208/209, 83-95 (1994). 
74. Minimizing the Condition Number of a Positive Definite Matrix by Com- 
pletion (with Chunyang He and Volker Mehrmann), Numerische Math- 
ematik 69, 17-23 (1994). 
75. The Hoffman-Wielandt Inequality in Infinite Dimensions (with Rajendra 
Bhatia), Proceedings of the Indian Academy of Sciences, Mathematical 
Sciences 104, 483-494 (1994). 
76. Theory of Decomposition and Bulge-chasing Algorithms for the General- 
ized Eigenvalue Problem (with David S. Watkins), SIAM Journal on Ma- 
trix Analysis 15, 943-967 (1994). 
77. The Generalized Spectral Radius Theorem: An Analytic-Geometric Proof, 
Linear Algebra Appl. 220, 151-160 (1995). 
78. Singular Values, Doubly Stochastic Matrices, and Applications (with 
Shmuel Friedland), Linear Algebra Appl. 220, 161-169 (1995). 
79. Minimization of the Norm, the Norm of the Inverse and the Condition 
Number of a Matrix by Completion (with Chunyang He and Volker Me- 
hrmann), Numerical Linear Algebra with Applications 2, no.2, 155--171 
(1995). 
80. Variation of the Discrete Eigenvalues of Normal Operators (with Shmuel 
Friedland), Proceedings of the American Mathematical Society 123, 
no.8, 2511-2517 (1995). 
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81. On Joint Eigenvalues of Commuting Matrices (with Rajendra Bhatia), Ca- 
nadian Mathematical Bulletin 39, no. 2, 164-168 (1996). 
82. Spectral Variation Bounds for Diagonalisable Matrices (with Rajendra 
Bhatia and Gerd M. Krause), Aequationes Mathematicae 54, 102-107 
(1997). 
83. Infinite Products and Paracontracting Matrices (with Wolf-Jfirgen Beyn), 
Electronic Journal of Linear Algebra 2, 1-8 (1997). 
84. A Divide-and-Conquer Method for the Tridiagonal Generalized Eigenval- 
ue Problem (with Axel Fasse and Ellen Langmann), Journal of Computa- 
tional and Applied Mathematics 86, 141-148 (1997). 
85. Norm Conditions for Convergence of Infinite Products (with Shmuel 
Friedland), Linear Algebra Appl. 250, 133-142 (1997). 
86. On a Condensed Form for Normal Matrices under Finite Sequences of 
Unitary Similarities (with Khakim Ikramov), Linear Algebra Appl. 254, 
79-98 (1997). 
87. Bounds for Determinants of Perturbed M-Matrices, Linear Algebra Appl. 
257, 283-288 (1997). 
88. Orthogonal Bases which Lead to Symmetric Non-negative Matrices (with 
Reinhard Nabben and Michael Neumann), Linear Algebra Appl. 271, 
323-343 (1998). 
89. Block P-matrices (with Tomasz Szulc), Linear and Multilinear Algebra 44, 
1-12 (1998). 
90. Distance Between Commuting Tuples of Normal Matrices, to appear in 
Archiv der Mathematik (with Rajendra Bhatia and Peter Semrl). 
9 t. On a Polygon Inequality Problem by Bernius and Blanchard (with Lixing 
Han, Israel Koltracht, Michael Neumann and Mori Zippin), to appear in 
Journal of Mathematical Analysis and Applications. 
92. Hadamard Functions Preserving Nonnegative H-matrices (with Daniel 
Hershkowitz), Linear Algebra Appl. 279, 13-19 (1998). 
93. On the Power Method in Max-Algebra (with Pauline van den Driessche), 
to appear in Linear Algebra Appl. 
94. Convex Combinations of Matrices - Nonsingularity and Schur Stability 
Characterizations (with Tomasz Szulc), to appear in Linear and Multilin- 
ear Algebra. 
95. Normal matrices: An Update (with Khakim Ikramov), Linear Algebra 
Appl. 285, 291-303 (1998). 
